A reação de uma série de 1-tetralonas com trinitrato de tálio adsorvido em Montmorilonita K-10 forneceu produtos de contração de anel (1-indanocarboxilatos de metila) e/ou a-oxidação (2-metóxi-1-tetralonas), em rendimentos bastante variáveis.
Introduction
The indan system occurs in several natural products of biological relevance. The most common approaches for synthesizing such molecules are either the direct modification of substrates that already bear the indan skeleton or the cycloaddition reactions 1 .
In a previous paper, we have reported the preparation of the hydrindan system by thallium trinitrate (TTN) mediated ring contraction of 2-decalones 2 . Similarly, functionalized indans were prepared from 3-alkenols 3a or from 1,2-dihydronaphthalenes 3b . The comparison between the prices of 1-tetralones and 1-indanones
Results and Discussion
The reaction of 1-tetralone (1) was first performed with TTN.3H 2 O in CH 2 Cl 2 , which was in our hands the best condition for the ring contraction of cyclohexanones 8 and 2-decalones 2 . Unfortunately, the reaction furnished a complex mixture of products.
Reinvestigating the previously reported 6 reaction of 1-tetralone (1) with TTN/K-10, we observed that the ratio between the products of ring contraction 2 and of aoxidation 3 increased to at least 5:1, using excess (2 eq.) of the oxidant and pentane as solvent (Scheme 1). We were unable to increase the total yield of this reaction even after several attempts, due to the formation of decomposition products. The same reaction conditions were then applied to more complex substrates. Of particular interest are those bearing groups at the aliphatic ring, such as 4-methyl-1-tetralone (4), in order to check the stereoselectivity of the rearrangement. Contrary to the reaction of 4-methylcyclohexanone with TTN, whose major product was the cis carboxylic acid 8 (Scheme 2), 4-methyl-1-tetralone (4) furnished a 3:1 mixture of trans:cis diastereomeric esters 5, in 59% yield (Scheme 3). The a-oxidation product 6 has also been isolated from the crude reaction mixture in 7% yield.
Interestingly, McKillop's mechanism 9 explains the observed diastereoselectivity in the ring contraction of 4-methylcyclohexanone, while Wiberg's mechanism 10, 11 justifies the diastereoselectivity for 4-methyl-1-tetralone. We believe that these differences are a consequence of the different migratory aptitudes in each ketone. It is noteworthy that the reaction conditions (TTN.3H 2 O in CH 2 Cl 2 and TTN.3MeOH in pentane) do not change the diastereoselectivity of the thallium(III) promoted rearrangement 2 . The influence of a methoxy group attached to the aromatic ring in the course of the reaction was also investigated. Although it could be expected a priori that electron-releasing groups at para position would favor the rearrangement, this relationship did not seem to be straightforward for the two substrates tested. Thus, 6-methoxy-1-tetralone (7) furnished only the ring contraction product 8, in moderate yield (49% after purification), while substrate 9 gave rise to the cis and trans 2-nitrate-1-tetralones 10, together with 60% of recovered starting material (Scheme 4).
A lower migratory aptitude would be expected for tetralones bearing a methoxy group at meta position. In fact, the reaction of 7-methoxy-1-tetralones 11 and 13, under similar experimental conditions, did not afford any rearrangement product. Both the substrates furnished a mixture of compounds, from which it was possible to isolate only 2-methoxy-1-tetralones 12 and 14, respectively. 5-Methoxy-1-tetralone (15) showed lower reactivity, since 33% of the starting material was recovered even after 3 days under reaction (Scheme 5). Similar results were obtained performing this reaction in THF and in CH 2 Cl 2 . It is important to mention that Ciattini et al. 12 have reported the reaction of a series of 4-chromanones with TTN, either in methanol/HClO 4 or in trimethylorthoformate. Some substrates were converted into intractable mixtures, while others furnished products of a-oxidation and/or rearrangement in variable yields. The main conclusion that can be reached from this work is that the behavior of the differently substituted chromanones toward TTN is not straightforward.
Similarly, from our results the only possible generalization is that the ring contraction is not always the preferable pathway in the thallium(III)-mediated oxidation of 1-tetralones.
Despite the fact that the ring contraction products were obtained only in moderate yields, such transformation, developed on commercial available substrates, is still an interesting strategy for the construction of indan systems.
Furthermore, excellent entries for the construction of the indan ring seem to be the dihydronaphtalene systems 
Experimental.
Caution! Thallium and its salts are toxic and must be handled with care.
1-Tetralones 1, 4, 7, 11 and 15 are commercially available, while 9 and 13 were prepared following the procedure described by Zubaidha et al. 13 , starting from 2-methylanisole and succinic anhydride. Thallium(III) nitrate was purchased from Aldrich and was used as received. TTN.3MeOH/K-10 was prepared by the procedure described by Taylor et al. 6 . 1 H and 13 C NMR spectra were recorded on Bruker AC-200, DPX-300 or DRX-500 spectrometer. IR spectra were measured on a Perkin-Elmer 1750-FT. Gas chromatography analyses were performed in a HP-6890 series II.
General Procedure for the Reaction of 1-Tetralones with TTN.3MeOH/K-10
A typical procedure is described for the reaction of 1-tetralone (1) with TTN.3MeOH/K-10. To a stirred solution of 1 (0.176 g, 1.20 mmol) in pentane (25 cm 3 ), was added TTN.3MeOH/K-10 (3.6 g, 2.4 mmol). The mixture was stirred for 30 h and the resulting suspension was filtered, washed with water, then with brine and dried over anhydrous MgSO 4 . The crude product was purified through column chromatography (silica gel 230-400 Mesh, hexaneethyl acetate, gradient elution 0-50%), affording 2 14 (0.081 g, 0.46 mmol, 38%) and 3 15 (0.015 g, 0.085 mmol, 7%).
Reaction of 4-Methyl-1-tetralone (4) with TTN.3MeOH/ K-10
The reaction of 4 was performed following the general procedure, using 4-methyl-1-tetralone (0.120 g, 0.749 mmol), pentane (20 cm 3 ) and TTN.3MeOH/K-10 (2.2 g, 1.5 mmol), and stirring for 2 hours. The crude product (0.144 g) was further purified by column chromatography (silica gel 230-400 Mesh, hexane-ethyl acetate, gradient elution 0-50%) affording 5a and 5b 16 17 .
Methyl 5-methoxy-1-indanecarboxylate (8)
The preparation of 8 was performed following the general procedure, using 6-methoxy-1-tetralone (0.086 g, 0.49 mmol), pentane (15 cm 3 ) and TTN.3MeOH/K-10 (1.5 g, 1.0 mmol), and stirring for 5 hours. The crude product (0.110 g) was further purified by column chromatography (silica gel 230-400 Mesh, hexane-ethyl acetate, gradient elution 0-50%), affording the ester 8 18 (0.048 g, 0.23 mmol, 49%).
Reaction of 4,7-Dimethyl-6-methoxy-1-tetralone (9) with TTN.3MeOH/K-10
The reaction of 9 was performed following general procedure, using 4,7-dimethyl-6-methoxy-1-tetralone 51 (m, 3H), 3.91 (s, 3H) 
2,7-Dimethoxy-1-tetralone (12)
The preparation of 12 was performed following the general procedure, using 7-methoxy-1-tetralone (0.141 g, 0.800 mmol), pentane (20 cm 
Reaction of 7-Methoxy-6-methyl-1-tetralone (13) with TTN.3MeOH/K-10
The reaction of 13 was performed following the general procedure, using 7-methoxy-6-methyl-1-tetralone (0.152 g, 0.797 mmol), pentane (25 cm 3 ) and TTN.3MeOH/K-10 (2.4 g, 1.6 mmol), and stirring for 48 hours. The crude product (0.153 g) was purified by column chromatography (silica gel 230-400 Mesh, hexane-ethyl acetate, gradient elution 0-50%) affording 14 (0.047 g, 0.22 mmol, 27%) and the starting material (0.053g, 0.28 mmol, 35%). 2,7-dimethoxy-6-methyl-1-tetralone (14) 
Reaction of 5-Methoxy-1-tetralone (15) with TTN.3MeOH/ K-10
The reaction of 15 was performed following the general procedure, using 5-methoxy-1-tetralone (0.060 g, 0.34 mmol), pentane (10 cm 3 ) and TTN.3MeOH/K-10 (1.0 g, 0.68 mmol), and stirring for 72 hours. The crude product (0.070 g) was a 1 
